INTRODUCTION
============

Individuals with Autism Spectrum Conditions (ASC) are characterised by their difficulties in social interaction and communication, unusually repetitive patterns of behaviour, and extremely narrow interests. Their difficulties in social interaction and communication include abnormal eye contact, difficulties in maintaining a conversation, difficulties in reading emotions, gestures, and mental states and difficulties with the pragmatics of language ([@nss053-B5]; [@nss053-B27]). Previous studies that have examined the neurobiological basis of social impairments in ASC have found reduced activity across several brain regions during a range of social tasks. A recent meta-analysis by [@nss053-B23] identified these regions of hypoactivation during social tasks as comprising medial prefrontal cortex (mPFC), amygdala, insular cortex, angular gyrus/temporoparietal junction (TPJ) and posterior cingulate cortex (PCC).

While some of these regions, such as mPFC, TPJ and the amygdala, have been studied extensively in ASC, others like the insula and PCC have only more recently been associated with ASC ([@nss053-B47]; [@nss053-B23]). Amygdala hypoactivation has been related to atypical emotional processing in individuals with ASC ([@nss053-B6]; [@nss053-B2]), while a number of studies have identified reduced activation in mPFC and TPJ during theory-of-mind, social attention and gaze perception tasks ([@nss053-B13]; [@nss053-B43]). Although the role of PCC in ASC remains elusive and understudied, hypoactivation of the insula, which plays a key role in interoceptive processing and monitoring bodily states of arousal ([@nss053-B19]), has been linked to reduced emotional awareness of the self and others in both typical controls and ASC ([@nss053-B47]).

Interestingly, the areas of mPFC and TPJ implicated in ASC show remarkable overlap with the default mode network, one of the key 'resting state' brain networks comprising regions whose activity is highly correlated at rest ([@nss053-B46]; [@nss053-B44]; [@nss053-B10]). As the brain regions subserving the default mode network (mPFC, PCC, angular gyrus/TPJ) display abnormal activation in ASC during specific cognitive tasks, some studies have considered whether abnormalities are also apparent in the intrinsic activity or connectivity of these regions at rest. A key advantage of the resting state over task-based measures is the absence of confounds associated with underlying differences in task performance, or differences in the way in which the task is executed. Resting state studies of ASC identified reduced functional connectivity or reduced activity at rest within regions of the default mode network ([@nss053-B14]; [@nss053-B35]; [@nss053-B34]; [@nss053-B40]; [@nss053-B3]), with the most consistent finding involving reduced activation of, or connectivity with, mPFC.

Although the most widely studied resting state network, the default mode is only one of many networks that show consistent, highly correlated activity at rest. Methodological advances, such as the application of independent component analyses (ICA) to resting state data, have enabled the identification of dozens of functionally relevant resting state networks ([@nss053-B8]; [@nss053-B21]; [@nss053-B48]; [@nss053-B1]). The presence of these networks is highly reliable across individuals, and connectivity within and between these networks has been shown to differ in certain neuropsychiatric conditions ([@nss053-B28]; [@nss053-B30]), as well as within the healthy ageing population ([@nss053-B20]; [@nss053-B1]). Importantly, it is becoming increasingly clear that these 'resting' networks also reflect 'functional' networks, i.e. sets of brain regions that are engaged during specific cognitive or mental processes ([@nss053-B48]). Furthermore, behavioural measures relating to the function a network subserves are correlated with the resting functional connectivity of that network ([@nss053-B45]).

In light of these observations, an interesting question is to what extent task-based differences in specific brain regions in ASC are reflected in different connectivity patterns of their respective brain networks at rest. While the previously observed reduced connectivity within the default mode network in ASC suggests this may be true for regions like mPFC and TPJ, other resting state networks comprising areas implicated in ASC, such as the salience network incorporating the insula ([@nss053-B45]), or medial temporal lobe (MTL) network incorporating the amygdala ([@nss053-B20]), have not yet been studied. Furthermore, since the brain regions identified in Di Martino's meta-analysis ([@nss053-B23]) are present in spatially distinct resting state networks, it is important to determine to what extent the connectivity at rest *between* these networks might also be affected. Between-network connectivity has been shown to reveal functional clustering of resting state networks, such that networks that are engaged in similar types of brain processes are more highly correlated with each other ([@nss053-B1]). In individuals with ASC, between-network connectivity may provide insight into the ease with which these networks interact and share functionally relevant information.

It is also interesting that most previous studies that have investigated resting functional connectivity in ASC have used a seed-based region-of-interest (ROI) approach ([@nss053-B14]; [@nss053-B34]; [@nss053-B40]; [@nss053-B24]; [@nss053-B22]). Unlike the purely data-driven ICA approach, seed-based analyses identify correlations in resting brain activity of a specific seed region (e.g. mPFC) with other brain regions. Thus, while ICA provides information about whole-brain functional networks and how tightly intertwined these are, seed-based analyses provide a measure of connectivity for specific ROIs. These methods should therefore provide complementary information where ICA identifies networks affected in ASC and seed-based analyses identify the specific brain regions within or between these networks that are affected.

The aims of this study were 2-fold: first, to use ICA to determine whether established resting state networks, which include brain regions showing task-related hypoactivity in individuals with ASC, show differences in intrinsic functional connectivity both within and between networks relative to typical controls; second, to perform a seed-based correlation analysis in order to clarify whether resting functional connectivity analyses using a directed seed-based approach and a larger network-based approach reveal complementary information. We hypothesised that there would be reduced functional connectivity both within and between resting state networks incorporating 'social' brain regions, and that both ICA and seed-based analyses would reveal similar results.

MATERIALS AND METHODS
=====================

Participants
------------

A total of 25 typical male participants and 18 males with ASC (two with High-functioning Autism and 16 with Asperger Syndrome) participated in this study for payment. All ASC subjects had a confirmed diagnosis of ASC: five by Autism Diagnostic Interview-Revised ([@nss053-B39]) and two by Autism Diagnostic Observation Schedule ([@nss053-B38]) as part of previous studies at the Autism Research Centre, University of Cambridge, and the remainder provided written confirmation of independent clinical diagnosis. Neither of the control participants had a diagnosis of ASC nor were they on any kind of medication. One participant with ASC was on anti-depressant medication. All participants completed the Wechsler Abbreviated Scale of Intelligence (WASI; [@nss053-B18]) and all scored 85 or higher. Participants also completed the Autism Spectrum Quotient (AQ), a validated measure of autism spectrum characteristics found within both the typical population and individuals with a diagnosis of autism ([@nss053-B7]; [@nss053-B52]). One control participant and one participant with ASC were left-handed; the remainder of participants were right-handed. This study was approved by the Cambridgeshire Local Research Ethics Committee and all participants provided written, informed consent according to the Declaration of Helsinki.

fMRI data acquisition
---------------------

Data were acquired using a 3T Tim Trio (Siemens, Erlangen, Germany) scanner. For the resting state scan, whole brain T2\*-weighted echo planar images (EPIs) were acquired with a repetition time (TR) = 2190 ms, echo time (TE) = 30 ms, flip angle = 78°, 36 oblique slices and 3 mm isotropic resolution. A total of 273 volumes were acquired for a total imaging time of 9 min 58 s. Participants were instructed to relax but keep still. A high-resolution structural magnetization-prepared rapid-acquisition gradient echo scan for normalization purposes was also acquired (voxel size 1 × 1 × 1 mm, repetition time = 2250 ms, echo time = 2.99 ms, inversion time = 900 ms, flip angle = 9°, total scan time 4 min 16 s).

Pre-processing
--------------

fMRI data pre-processing was carried out in SPM5 ([www.fil.ion.ucl.ac.uk/spm](www.fil.ion.ucl.ac.uk/spm)). The first three volumes were discarded to allow for equilibration effects. The EPI images were sinc interpolated in time to correct for slice time differences and realigned to the first scan by rigid body transformations to correct for head movements. EPI and structural scans were co-registered and normalised to the T1 standard template in Montreal Neurological Institute (MNI) space (MNI: International Consortium for Brain Mapping) using linear and nonlinear transformations and smoothed with a Gaussian kernel of 8 mm full width at half maximum. Data were bandpass filtered to include only frequencies between 0.0078 and 0.08 Hz ([@nss053-B17]; [@nss053-B25]).

Three subjects with ASC and one control had to be removed from the analysis due to excessive head movement (\>3 mm). As a result, our previously age-matched groups were no longer exactly age-matched ([Table 1](#nss053-T1){ref-type="table"}) and age was therefore included as a covariate in our analyses. For the remaining participants, the root mean square movement (translation and rotation) was determined and entered into between-groups ANOVA. There were no group differences in movement (*F* \< 1, *P* = 0.8). Table 1Participant detailsAgeWASIAQFullVerbalPerformanceControls (*n* = 24)25 ± 6 range (19--36)118 ± 13115 ± 13117 ± 1315 ± 6 range (5--25)ASC (*n* = 15)30 ± 8 range (19--40)116 ± 12112 ± 13117 ± 1036 ± 8 range (16--45)*P* (*t*-test)0.040.700.480.98\<0.001

Independent component analysis
------------------------------

Group spatial independent component analysis (ICA) was carried out using the Group ICA for fMRI Toolbox (GIFT v1.3g, icatb.sourceforge.net) using the Infomax algorithm ([@nss053-B9]). The mean number of components for all subjects was estimated using the minimum description length criteria for source estimation ([@nss053-B37]) and was found to be 30 components. Group ICA was carried out in three main stages: data reduction, ICA and back reconstruction. First, individual subjects' data were reduced by principal components analysis (PCA). The subjects' data were then concatenated, followed by a further PCA data reduction step. ICA was then applied to this reduced data set. The resulting components reflect group components across all subjects. Using the assumption that individual subjects' data form statistically independent observations and that the unmixing matrix (group ICA output) is therefore separable across subjects, GIFT performs a back reconstruction of individual subjects' time courses and spatial maps based on the output group components and information from the PCA data reduction steps ([@nss053-B11], [@nss053-B12]). Group ICA was run treating all subjects as one group to ensure that the same components were identified in each subject. However, to ensure that the same components would be identified in each group, we also ran a group ICA in controls and ASC separately and identified the same components of interest in each.

As several components appeared to overlap spatially with DMN regions, we performed a spatial template matching procedure using the DMN template provided within the GIFT toolbox. Three components were identified as having a high spatial overlap with the template \[correlation values: 0.36, 0.35, 0.35, which are similar to previously reported values ([@nss053-B3])\], and each comprised one or more brain regions associated with the DMN. We identified two further networks of interest based on visual inspection for inclusion of the amygdala or insula, as well as ensuring similarity with previously identified resting state networks. One of these was the 'salience' network ([@nss053-B45]), which includes the insula, anterior cingulate cortex and lateral prefrontal regions. The other network comprised the MTLs ([@nss053-B20]), including the amygdala, a structure important for the processing of emotions, as well as the cerebellum.

Statistical analysis of independent components
----------------------------------------------

Prior to statistical analysis, the resting state network components were transformed to *z*-scores using the GIFT software and then exported to SPM5 (Wellcome Trust Centre for Neuroimaging, [www.fil.ion.ucl.ac.uk/spm](www.fil.ion.ucl.ac.uk/spm)) where statistical analyses were performed. Independent components of interest for each subject were entered into a two-sample *t*-test, where controls were contrasted with individuals with ASC. Age was included as a covariate due to the significant group difference in age. All results were masked with the whole group's (all subjects) average independent component thresholded at *P* \< 0.005 uncorrected, to ensure that only effects restricted to the spatial extent of the component were included in the analyses; however, it is important to note that no significant group differences were found outside the masked regions, neither were there any differences in the results when data were unmasked. Group results were corrected for multiple comparisons (*P* \< 0.05 false discovery rate, FDR) based on a priori regions-of-interest in the mPFC, PCC, angular gyrus/TPJ, anterior insula and amygdala. For regions outside the ROIs, we applied a whole-brain corrected threshold of *P* \< 0.05 (FDR) with a 10 voxel extent threshold. Spherical ROIs were created centred on DMN coordinates identified in [@nss053-B46] meta-analysis as follows: mPFC (−1, 49, −2), PCC (−5, −53, 41) and left (−45, −71, 35) and right (45, −71, 35) angular gyri. ROIs for anterior insula were centred on [@nss053-B49] study of insula resting connectivity (left, x = −34, y = 14, z = 3; right, x = 36, y = 16, z = 3), and we used an anatomically based ROI for the amygdala from the Automated Anatomic Labelling Atlas ([@nss053-B50]). All spherical ROIs had a radius of 10 mm, except for the bilateral angular gyrus (radius 20 mm) as we wanted to include neighbouring TPJ/posterior superior temporal sulcus (pSTS) which forms part of the wider posterior lateral cortices implicated in the DMN ([@nss053-B29]).

Functional network connectivity
-------------------------------

Functional network connectivity (FNC) analyses were performed using the FNC Toolbox (version 2.2), an add-on to the GIFT software. The toolbox has previously been used to examine between-network connectivity in schizophrenia ([@nss053-B30]). The toolbox computes a constrained maximal lag correlation between each pair of networks of interest by calculating Pearson's correlation and constraining the lag between the time courses ([@nss053-B30]). With five networks of interest, the number of possible pair-wise combinations to examine between-network connectivity is 10. Maximal lag for the correlation calculation was 4.4 s (2 TR), and results were corrected for multiple comparisons between networks using *P* \< 0.05 (FDR). A two-sample *t*-test was used to determine differences in between-network connectivity between groups (FDR corrected at *P* \< 0.05). Age was included as a covariate due to the significant group difference in age.

Seed-based correlation analysis
-------------------------------

Seeds for the seed-based correlation analysis were based on regions reported to show a consistent reduction in task-related activation in individuals with ASC: mPFC, PCC, angular gyrus, anterior insula and amygdala ([@nss053-B23]). The coordinates for the seed-based analyses were identical to those used for the ICA multiple comparisons corrections described above. Each seed consisted of a 6 mm radius sphere, in line with previous seed-based correlation studies ([@nss053-B26]; [@nss053-B34]; [@nss053-B24]). The mean time course from each region-of-interest was extracted and entered into a general linear model. Global signal and six movement parameters were included as additional regressors in the model. The resulting correlation maps for each subject were *z*-transformed (Fisher's *Z*) prior to the group comparisons, which were performed using two-sample *t*-tests in SPM5. Age was included as a covariate in the model due to the significant group difference in age. Results were corrected for multiple comparisons using a small-volume correction based on the a priori ROI mentioned above.

Correlation with AQ
-------------------

In order to investigate the relationship between functional connectivity and autism spectrum traits across both the control and ASC groups, we performed additional analyses where AQ was included in the second-level model as a covariate. In this way, we were able to determine the relationship of autism spectrum traits to functional connectivity over and above group membership.

RESULTS
=======

Subject details for the participants included in the analyses (24 controls, 15 ASC) are listed in [Table 1](#nss053-T1){ref-type="table"}.

Independent component analysis
------------------------------

Three default mode network components, DMNa, DMNb and DMNc, a 'salience' network including the insula, and a medial temporal lobe network including the amygdala were identified as networks of interest ([Figure 1](#nss053-F1){ref-type="fig"}). While it is more common for the DMN to be contained within one component, there have been several reports of the DMN being broken into several sub-components ([@nss053-B20]; [@nss053-B3]; [@nss053-B1]), particularly as the data set becomes larger and is characterised by a larger number of independent components ([@nss053-B1]). The salience network ([@nss053-B45]) and medial temporal lobe network (MTL; [@nss053-B20]) are also resting state networks that have previously been identified. Fig. 1Independent components representing aspects of the default mode network DMNa (**A**), DMNb (**B**), DMNc (**C**), the MTL and cerebellar network (**D**) and the salience network (**E**). Average components for the control group are shown in the left column; average components for the ASC group are shown in the right column. Maps are thresholded at *P* \< 0.05 (whole-brain FDR corrected).

When DMNa was compared between groups, there was significantly reduced functional connectivity in mPFC in ASC compared with controls (*t* = 3.39, *x* = 0, *y* = 52, *z* = −2, 84 voxels, *P* \< 0.05 svc; [Figure 2](#nss053-F2){ref-type="fig"}). In other words, the mPFC's time course of activity showed reduced correlation between the component's overall mean time courses. There were neither significant group differences in DMNb, DMNc, salience and MTL networks within our ROIs, nor any group differences outside the ROIs. Fig. 2The mPFC within DMNa displays reduced connectivity in individuals with ASC compared with controls. Image is thresholded at *P* \< 0.005 uncorrected for display purposes. Graph displays the contrast estimate and 95% confidence intervals for the peak voxel following small volume correction.

Functional network connectivity
-------------------------------

The control group showed significant correlations between each of the DMN components, as well as between the DMN components and the MTL network, and between the salience and MTL networks (*P* \< 0.05, FDR). There was no significant correlation between the salience network and the three DMN components ([Table 2](#nss053-T2){ref-type="table"} for list of correlation coefficients). For the ASC group, a similar pattern was apparent ([Table 2](#nss053-T2){ref-type="table"}), but the salience network was not significantly correlated with the MTL network. Moreover, a group comparison in FNC revealed significantly reduced correlation between the salience network and the MTL network in the ASC group relative to controls (*P* \< 0.05, FDR). In addition, there was a borderline but non-significant increase in the correlation between the DMNc and MTL networks in the ASC group. Table 2Correlation coefficients and p values from FNC analysisComponent combinationControlsASC*P* (FDR) between groupDMNa--DMNb0.58[\*](#nss053-TF1){ref-type="table-fn"}0.49[\*](#nss053-TF1){ref-type="table-fn"}0.31DMNa--DMNc0.45[\*](#nss053-TF1){ref-type="table-fn"}0.38[\*](#nss053-TF1){ref-type="table-fn"}0.31DMNb--DMNc0.39[\*](#nss053-TF1){ref-type="table-fn"}0.35[\*](#nss053-TF1){ref-type="table-fn"}0.53MTL--DMNa0.07[\*](#nss053-TF1){ref-type="table-fn"}0.12[\*](#nss053-TF1){ref-type="table-fn"}0.46MTL--DMNb0.19[\*](#nss053-TF1){ref-type="table-fn"}0.29[\*](#nss053-TF1){ref-type="table-fn"}0.31MTL--DMNc0.12[\*](#nss053-TF1){ref-type="table-fn"}0.23[\*](#nss053-TF1){ref-type="table-fn"}0.07MTL--Salience0.10[\*](#nss053-TF1){ref-type="table-fn"}−0.030.02^†^Salience--DMNa−0.02−0.020.92Salience--DMNb0.030.010.87Salience--DMNc0.070.050.87[^1][^2]

Seed-based analysis
-------------------

Using mPFC as a seed, there was significantly reduced connectivity between mPFC and TPJ/pSTS in the ASC group compared with the control group, similar to the reduced within-network connectivity between the mPFC and other areas of this network observed by ICA. Additionally, there was reduced connectivity between mPFC and left amygdala, and between mPFC and left anterior insula ([Figure 3](#nss053-F3){ref-type="fig"}a and [Table 3](#nss053-T3){ref-type="table"}). Fig. 3Seed-based connectivity analyses showing areas correlated with a seed region based in mPFC (**A**), left amygdala (**B**) and left anterior insula (**C**). Images display regions of greater connectivity with the seed region in the control group compared with the ASC group. Graphs display the contrast estimates and 95% confidence intervals for the peak voxel following small volume correction. Significantly greater connectivity was found (**A**) between mPFC and right TPJ/pSTS and left amygdala, (**B**) between left amygdala and left anterior insula and (**C**) between left anterior insula and left amygdala and mPFC. Images are thresholded at *P* \< 0.005 uncorrected for display purposes. Table 3List of brain regions showing significantly reduced functional connectivity in ASC with a given seed region (*P* \< 0.05 FDR svc)Brain regionTCluster size (voxels)MNI coordinates*xyzmPFC seed*    TPJ / Posterior STS (R)4.846754−6818    Anterior insula (L)3.4954−348−4    Amygdala (L)3.5032−30−2−24*Amygdala (R) seed*    Anterior insula (L)4.04116−32220*Amygdala (L) seed*    Anterior insula (L)4.01172−32220*Anterior insula (R) seed*    mPFC4.32155258−2    Angular gyrus (R)4.3910136−6652*Anterior insula (L) seed*    mPFC2.869654−2    Amygdala (L)3.3950−20−10−16

Using a seed based in the left amygdala, there was significantly reduced connectivity with left anterior insula in individuals with ASC compared with controls ([Figure 3](#nss053-F3){ref-type="fig"}b and [Table 3](#nss053-T3){ref-type="table"}), and a similarly reduced connectivity between right amygdala and left anterior insula ([Table 3](#nss053-T3){ref-type="table"}). This agrees with the ICA-based observation of reduced connectivity between the MTL and salience networks.

With a seed based in left anterior insula, the ASC group showed reduced connectivity with the left amygdala and mPFC ([Figure 3](#nss053-F3){ref-type="fig"}c and [Table 3](#nss053-T3){ref-type="table"}). There was also a borderline reduction in connectivity in the ASC group between left insula and right amygdala ([Table 3](#nss053-T3){ref-type="table"}). A right anterior insula seed revealed reduced connectivity in the ASC group with mPFC and right angular gyrus ([Table 3](#nss053-T3){ref-type="table"}).

Neither the PCC nor angular gyrus seeds revealed any significant differences in functional connectivity between the groups. There were neither regions of significantly increased connectivity in the ASC group relative to the control group for any of the seed regions, nor any differences between the groups outside of the ROIs.

In order to ensure that the difference in group sizes were not unduly biasing our ICA and seed-based results, we repeated all analyses using the 15 subjects with ASC and the first 15 control subjects that were recruited. The ICA results showed the same pattern, with significantly reduced mPFC connectivity in ASC. For the seed-based analyses, all results also remained significant or borderline significant, with the exception of the reduced connectivity between mPFC and insula (see [Supplementary Data](http://scan.oxfordjournals.org/cgi/content/full/nss053/DC1)).

Furthermore, although age was included as a covariate in all of our primary analyses, the results were unchanged when we repeated the analyses without age as a covariate, suggesting that age is not playing a significant role in the results. Finally, the removal of the ASC participant who was medicated also did not affect the results.

Relationship with AQ
--------------------

We examined the relationship between autism spectrum traits and functional connectivity measures by including AQ scores as a covariate in our analyses. Since there was a significant group difference in AQ ([Table 1](#nss053-T1){ref-type="table"}), we factored out group membership to ensure that any correlation between AQ and functional connectivity across all subjects was not being driven by the main effect of group. We found a significant negative relationship between AQ score and seed-based mPFC connectivity with left and right angular gyrus, extending into right TPJ/pSTS (left: *x* = −32, *y* = −64, *z* = 38; *t* = 4.83, 336 voxels, *P* \< 0.05 svc FDR; right: *x* = 54, *y* = −56, *z* = 38; *t* = 4.50, 85 voxels, *P* \< 0.05 svc FDR; see [Supplementary Figure S1](http://scan.oxfordjournals.org/cgi/content/full/nss053/DC1)). Interestingly, there was no significant relationship between AQ and functional connectivity identified by ICA.

DISCUSSION
==========

We have shown that individuals with ASC display reduced functional connectivity in resting state networks that contain brain regions relevant to social processing. Using an ICA approach to investigate group differences in within-network connectivity, we replicated previous research showing that the mPFC region of the DMN shows atypical connectivity or activation in ASC ([@nss053-B35]; [@nss053-B33]; [@nss053-B3]). In addition, we showed for the first time that people with ASC show significant reductions in between-network connectivity. Specifically, the MTL network, which includes the amygdala, showed reduced connectivity, and by implication reduced communication, with the salience network, which includes the insula. Consistent with the reduced connectivity between these networks, the seed-based approach showed reduced connectivity between the amygdala and insula. Taken together, the results show that ASC is associated with specific differences in connectivity at rest. These differences are reflected within specific networks containing regions relevant to social processing, and globally in terms of the manner in which these networks interact. We suggest that difficulties in communication or information sharing both within and between networks relevant to social processing may underlie some of the social difficulties associated with ASC.

Previous resting state studies in ASC have looked primarily at the DMN ([@nss053-B14]; [@nss053-B35]; [@nss053-B33], [@nss053-B34]; [@nss053-B40]; [@nss053-B3]), as this network is thought to reflect activity resulting from internally focussed thought processes which are impaired in ASC ([@nss053-B10]). Only one of these earlier studies used ICA, but several of them converge on identifying mPFC as a locus of reduced functional connectivity or resting activity in ASC ([@nss053-B35]; [@nss053-B33]; [@nss053-B3]).

Our results reinforce these earlier findings, but go further by showing that seed-based analyses reveal that the reduction in connectivity of mPFC within the DMN appears to reflect reduced connectivity with the TPJ/pSTS. The same analysis also revealed that individuals with ASC showed decreased connectivity between mPFC and areas outside the DMN (insula and amygdala), and decreased connectivity between the amygdala and insula; see also [@nss053-B24]. Although our investigation of other networks in addition to the DMN showed no evidence of impaired within-network connectivity, we provide new evidence suggesting that the reduced connectivity between the amygdala and insula, identified by seed-based analyses, reflects reduced between-network connectivity between the salience and MTL networks. A reduction in connectivity between, rather than within, networks suggests difficulties in integrating information across networks and hence across different cognitive processes. The salience network, and in particular, the insula, is thought to be involved in integrating information about emotion and bodily states of arousal ([@nss053-B19]), and plays a role in redirecting attention to unexpected but salient stimuli ([@nss053-B16]). Reduced connectivity between the salience network and limbic regions, such as the amygdala, may therefore reflect reduced integration of information between these networks. This may underlie some of the abnormalities that are observed in ASC, such as impaired emotional awareness of the self and others and impaired reorienting to salient social or emotional stimuli.

Autism spectrum traits
----------------------

We found evidence that traits associated with the autism spectrum, as measured by the AQ, predict reduced connectivity across both the control and ASC population between mPFC and bilateral angular gyrus and extending into right TPJ/pSTS. These results complement previous studies ([@nss053-B35]; [@nss053-B3]) that found reduced mPFC resting connectivity associated with autistic traits, but our results show that this relationship also exists within the typical, non-ASC, population.

ASC: a condition of underconnectivity?
--------------------------------------

Our results also reinforce the notion that ASC is a condition of underconnectivity since the changes we found reflected reduced connectivity in the ASC group. The idea that abnormalities associated with ASC can be reduced to underconnectivity has been suggested previously ([@nss053-B32]; [@nss053-B41]), and while evidence in support of this theory is largely based on functional connectivity analyses, there are also a number of studies that have looked at anatomical connectivity in ASC using diffusion-tensor-imaging ([@nss053-B4]; [@nss053-B36]; [@nss053-B15]). Overall, these studies show reduced fractional anisotropy in ASC across different brain regions, most notably in mPFC ([@nss053-B4]; [@nss053-B36]; [@nss053-B15]); reduced fractional anisotropy is thought to reflect changes to white matter tracts, such as a reduced fibre density, reduced myelination or increased branching. One study ([@nss053-B51]) also found that well-described white matter tracts link brain areas within several of the common resting state networks, suggesting that the regions in these networks are also structurally connected. However, it is unclear to what extent changes in functional connectivity within these networks might mirror changes in underlying anatomical connectivity, and whether reduced functional connectivity between networks may reflect weaker or indirect structural connections.

ICA or seed-based analysis
--------------------------

Our results shed light on the type of information that can be obtained using two different techniques for investigating functional connectivity at rest. Although both ICA and seed-based analyses are prevalent methods for studying resting connectivity, there had been no examination of the relationship between the two methods until recently ([@nss053-B31]). [@nss053-B31] showed that seed-based measures of functional connectivity do not distinguish within- and between-network connectivity while ICA-based measures do. Our results support these observations by revealing that our seed-based analyses reflect a combination of within- and between-network connectivity, as identified by ICA. However, our seed-based analyses also revealed underconnectivity in the ASC group between regions (e.g. mPFC and amygdala) that was not reflected by ICA, evidenced by the absence of a significant difference in connectivity between the DMN and MTL networks. Similarly, we observed a correlation between AQ score and functional connectivity of mPFC with angular gyrus and TPJ/pSTS, but did not observe a similar relationship with AQ in mPFC as identified by ICA. These discrepancies may reflect the fact that in ICA it is the mean time course of a whole network (e.g. DMNa) which is compared with the time course of individual voxels within that network, whereas seed-based analyses identify correlations between the time courses of activity of one small group of voxels with other voxels. Whether these observations suggest that seed-based analyses provide a more sensitive measure of resting functional connectivity remains to be determined. However, it seems that an approach that combines both ICA- and seed-based methods provides not only insight into connectivity measures at the level of networks and how these networks interact, but also identifies which specific brain areas within or between those networks are primarily involved.

Limitations
-----------

As three ASC participants had to be removed from our analyses due to an excess movement during the scan, our ASC group size may be a limitation of this study. However, as our resting state scan duration was roughly double the usual length, the power lost by our reduced subject numbers may be offset by the longer scan duration for each subject ([@nss053-B42]). In addition, repeating our analyses with matched group sizes (i.e. reducing the number of control subjects) showed a similar pattern of results.

Although resting state connectivity analyses provide a means for studying brain 'function' in the absence of task-related performance confounds, it is still unclear what resting brain activity represents. Based on our results, which show extensive underconnectivity at rest of brain regions that are reported to show task-related hypoactivity in ASC, there may be a strong link between task-related activation of one or more regions and the strength of underlying 'resting' functional connectivity between those regions. A key next step will be to examine directly how underconnectivity at rest in ASC relates to observed differences in task-related brain activity.

Finally, it is important to remember that our sample was restricted to individuals with High-Functioning Autism or Asperger Syndrome with an IQ of 85 or higher. As a result, it is unclear whether these results would also generalise to the broader spectrum of autism, i.e. individuals with a diagnosis of ASC but with IQ below 85. Given the heterogeneous nature of ASC, further research is needed to address this issue.

CONCLUSIONS
===========

While the vast majority of previous research has concentrated on the DMN, we have shown that there is a marked reduction in resting functional connectivity both within and between other 'social brain' networks in individuals with ASC. The reduced communication or information sharing within and between these networks relevant to social processing may underlie some of the difficulties observed in processing social cues in ASC.

SUPPLEMENTARY DATA
==================

[Supplementary data](http://scan.oxfordjournals.org/cgi/content/full/nss053/DC1) are available at *SCAN* online
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We would like to thank the participants for volunteering their time, Sally Wheelwright and Michael Lombardo for help with participant recruitment, and the radiographers at the MRC Cognition & Brain Sciences Unit. Supported by the UK Medical Research Council (MC_US_A060_0017 to AJC and a program grant to SBC).

[^1]: MTL, medial temporal lobe; DMN, default mode network.

[^2]: \*Denotes significant (*P* \< 0.05 FDR corrected) correlation between components within each group, †denotes significant group difference in the magnitude of the correlation between components.
